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Introduction

Seizures in the neonatal period (birth to the first 28 postnatal 
days or up to 44 weeks postconceptional age) affect 1–3 per 
1000 births and are associated with neurodevelopmental 
impairments [1]. Implementing long-term video-EEG 
monitoring in neonatal intensive care units has become 
the gold standard for seizure diagnosis, characterization, 
and accurate quantifying seizure burden in newborns [2]. 
Neuroimaging and metabolic and genetic testing have played 
an essential role in identifying the underlying causes of 
seizures in neonates [3]. During the neonatal period, seizures 
can be associated with either: acute brain insults called acute 
symptomatic seizures (ASS) [4] or neonatal epilepsy that may 
have a structural, metabolic, or genetic cause [5].

It has been recognized that seizure semiology and particular 
electroencephalogram patterns provide clues about the 
underlying cause of epilepsy, offering a diagnostic value with 
subsequent treatment implications [3,6-8].

As a result, the ILAE Commission on Classification and 
Terminology accepts that seizures in neonates require special 
attention; therefore, a Neonatal Task Force integrates neonatal 
seizures and epilepsies into the 2017 ILAE Classification [8]. 
However, the current classification system is still incomplete 
and grouped under the same category (i.e.) “structural 
etiology” different causes with different electroclinical features 
and treatments [8].

This communication aims to facilitate a guide to differentiate 
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ASS from neonatal epilepsy and to correlate different 
electroclinical seizure patterns with a specific etiology, with 
subsequent impact on treatment decisions. 

Electroclinical Approach

This electroclinical approach is based on a literature review 
and is not intended to substitute clinical judgment. Medical 
history, prenatal history, perinatal history, and physical 
examination are the backbone for diagnosis in medicine.

Neonatal seizures are always focal and can be electroclinical 
or electrographic in nature. The diagnosis cannot be made 
acutely without an electroencephalogram correlation. 
Electrographic seizures are hallmarks of ASS. The etiology and 
seizure burden dictate prognosis [9].

Acute symptomatic seizures vs. neonatal epilepsy

Acute symptomatic seizures: In the neonatal period, ASS 
presents with electrographic seizures (Figure 1) or unilateral 
focal clonic seizures. Unilateral clonic seizures are the most 
frequent presentation of ischemic stroke in the neonatal 
period [5]. Most often, these are the only clinical signs. Clonic 
seizures can be multifocal and mainly represent the herald 
of neonatal infection, reflecting a diffuse acute brain insult. 
ASS is rarely presented with autonomic seizures [5,9,10]. 
However, apneic seizures are observed in intraventricular or 

intraparenchymal hemorrhagic strokes, particularly affecting 
the temporal lobe [12].

Electrographic seizures are common in HIE, neonates with 
congenital diaphragmatic hernia and heart disease, those 
exposed to extracorporeal membrane oxygenation, or while 
being sedated and paralyzed [12]. 

ASS usually subsides after an acute event, and there is no 
need to continue ASM treatment after discharge [9]. 

Most of the time, the electroencephalogram (EEG) in ASS 
shows pathological discontinuity, focal slowing, asymmetries 
in frequency and amplitude, and multifocal spikes. However, 
a clear, persistent epileptiform focus is occasionally observed. 
Seizures can originate from only one brain area or can be 
observed multifocally, but electrographic seizures never 
appear to change sequentially from one hemisphere to another 
(Figure 2A). Seizures in neonates with ASS appear after a time-
lapse interval following the onset of the  ictal pattern on the 
EEG. The ictal pattern usually shows a focal, slowly evolving 
rhythm, and the postictal period does not show prolonged 
postictal depression [2,6,13].

Neonatal epileptic seizures: Neonatal epilepsies have a 
completely different presentation and can be suspected from 
clinical and electroencephalographic points of view (Figure 1). 
Neonates with epileptic channelopathies or synaptopathies 

 

 

 

 

  

Figure 1. Proposed neonatal seizures classification and clinical approach. KCNQ22 (K” for the scientific symbol for potassium, “CN” 
as an abbreviation for channel, and “Q2” for the subtype Q2), KCNQ3 (Q3 subtype), SCN2A ( sodium or salt channel), SeLNE (Self-limited 
neonatal Epilepsy), KCNQ2 (K” for the scientific symbol for potassium, “CN” as an abbreviation for channel, and “Q2” for the subtype Q2), 
STXBP1(Syntaxin-binding protein 1 ), GNAO1(G Protein Subunit Alpha O1), CDKL-5 (cyclin-dependent kinase-like 5), UBA5 (the ubiquitin-
activating enzyme of UFM1.), PIGA (Phosphatidylinositol N-acetylglucosaminyltransferase subunit A (PIG-A), SIK (salt-inducible kinase (SIK), 
one of the AMP-activated kinase (AMPK)-related kinases), SCL25A2 (solute carrier family 5 member 2), IEM (Inborn Error of Metabolism), HF 
(heart failure), Extracorporeal membrane oxygenation (ECMO), HIE (hypoxic Ischemic Encephalopathy), SAH (subarachnoid hemorrhage), 
IVH (intraventricular hemorrhage), HPI (history of present illness), ASS (Acute Symptomatic Seizures.

https://www.sciencedirect.com/topics/medicine-and-dentistry/afterdischarge
https://www.sciencedirect.com/topics/medicine-and-dentistry/ictal
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can be recognized as presenting with short tonic or sequential 
seizures with an initial tonic component. Different seizure 
sequences can be recognized [11,12,14]:

1. Tonic followed by clonic and autonomic symptoms 
typically seen in KNCQ2-Developmental Epilepsy 
Encephalopathy (DEE) and SNC2A-DEE.

2. Tonic followed by epileptic spasm (typically observed in 
STXBP1-DDE).

3. Tonic seizures followed by hyperkinetic movements are 
observed in CDKL-5-DEE.

4. Tonic followed by autonomic features (cyanosis or apneas) 
seen in SCN2A-DEE, KCNT1-DEE, SCN8A-DEE, KCNQ2-GOF-
DEE, BRAT1  -DEE or behavioral arrest due to hypotonia 
followed by autonomic symptoms seen in SCN8A-DEE.

5. Early infantile DEE with myoclonus is seen in Inborn Error 
of Metabolism (IEM) or in SIK-DEE,  UBA5-DEE, PIGA-DEE, 
SIK-DEE, and SCL25A2-DEE [4,15,16] (Figure 1).

Neonatal seizures are associated with typical ictal and 
interictal EEG patterns. Unlike ASS, the EEGs show normal 
background activity associated with focal or multifocal 
spikes and wave discharges [11,17-19]. Myoclonic seizures 
are associated with burst–suppression patterns, and two 
epileptic syndromes can be distinguished: Otahara Syndrome 
(OS), characterized by tonic spasms (spasms lasting up to 5 
seconds), and Burst Suppression pattern during sleep and 
wake state. Early Infantile Myoclonic Epileptic Encephalopathy 
has seizures consisting of myoclonic, clonic, and spasms, and 
burst-suppression patterns that cannot be seen during the 
awake state [4,15,16,20,21]. OS is associated with structural 
abnormalities (malformation of cortical development 
(MCD), while EIMEE (Early Infantile Myoclonic Epileptic 
Encephalopathy) is associated with IEM [21]. Spasms in OS can 
be asymmetric, symmetric, or unilateral. Typically, asymmetric 
tonic spasms are observed in neonates with significant brain 
malformations, such as hemimegaloencephaly [22-24].

The ictal EEG patterns in neonatal channelopathies 
consist of fast activity with rapid spread to the adjacent 
and  contralateral  areas of the head. Prolonged postictal 
depression characterizes the postictal period. From an EEG 
point of view, neonates with genetic epilepsies present with 
brief seizures that are evident from the onset of electrographic 
seizures. They are synchronous, and there is no time lapse 
between ictal EEG onset and behavioral changes, as seen in 
ASS [1-3,6].

Neonatal epilepsies (Figure 1)

 ILAE recognizes three neonatal epilepsies [8,14].

1. Self-limited Neonatal Epilepsy (SeLNE).

2. Otahara syndrome (OS).

3. Early Myoclonic Encephalopathy (EME). 

Self-limited neonatal epilepsy:  In most cases, SeLNE 
is associated with normal development. Sequential tonic 
seizures characterize its seizures. The ictal sequence with tonic 
seizure followed by clonic jerks and hand or leg automatisms 
evolving to non-motor autonomic features, such as apnea, 
is commonly seen. The EEG shows a normal background. 
Seizures can start in one hemisphere but change to the other, 
and the postictal period shows diffuse attenuation [1,3,14,18].

KCNQ2-related Epilepsy: This gene’s loss-of-function (LoF) 
variants were first linked to SeLNE in 1998 and were also found 
to be responsible for neonatal-onset DEE in 2012. SeLNE 
and  KCNQ2-DEE are part of a large spectrum, where SeLNE 
is the less severe phenotype, and DEE is the most severe. In 
KCNQ2-SeLNE, infants present at 2–5 days of life with isolated 
or multiple seizures per day, which may evolve into  status 
epilepticus. Between seizures, neonates are healthy and can 
be breastfed unless phenobarbital is administered [18,25-27]. 

The EEG background is well organized, sometimes with focal 
epileptiform abnormalities during the peri-ictal phase (Figure 
2B). Isolated seizures may resolve spontaneously within a few 
months; however, most neonates require ASM treatment. 
Later in life, they have normal motor and cognitive outcomes 
[28,29]. 

DEE presenting with sequential seizures:

Sequential seizures or exclusively tonic seizures 
[11,12,14,30]:

1. GNAO1-DEE

2. KCNQ2- DEE

3. STXBP1- DEE

4. CDKL5- DEE

5. SCN2A- DEE

Tonic seizures, rarely sequential seizures (isolate 
tonic seizures) (Figure 1): GNAO1-DEE most frequently 
presents as focal  tonic seizures  and hypotonia. The EEG 
background is abnormal, with either a suppression-burst 
pattern, hypsarrhythmia, or multifocal sharp waves. All infants 
experience profound developmental delays and movement 
disorders that appear later in life [31,32].

KCNQ2- DEE caused by pathogenic variants of the KCNQ2 
gene, is presented with sequential or tonic seizures associated 
with a burst suppression pattern or multifocal spikes in the 
EEG. Patients with KCNQ2-DEE may have a family member 
with SeLNE [24,28,33-36].

https://www.sciencedirect.com/topics/medicine-and-dentistry/contralateral
https://www.sciencedirect.com/topics/medicine-and-dentistry/ohtahara-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/status-epilepticus
https://www.sciencedirect.com/topics/medicine-and-dentistry/status-epilepticus
https://www.sciencedirect.com/topics/medicine-and-dentistry/tonic-seizure
https://www.sciencedirect.com/topics/medicine-and-dentistry/hypsarrhythmia
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Sequential seizures and asymmetric tonic seizures and 
spasms: STXBP1- DEE usually starts after the first month of 
life, but neonatal seizures have been described. The typical 
phenotype consists of early-onset epileptic spasms. EEG 
findings range from multifocal epileptiform abnormalities to 
suppression burst patterns. Recurrent MRI findings included 
a thin  corpus callosum  and frontal hypoplasia. STXBP1-DEE 
is associated with asymmetric tonic posturing or sequential 
seizures (tonic, autonomic, clonic, and epileptic spasms) 
(Figure 2C). Several studies have documented excellent 
responses to levetiracetam [7,27,29,37-40]. 

Sequential seizures typically hyperkinetic-tonic-spasms: 
CDKL5- DEE is associated with tonic seizures. Patients with 
CDKL-5-DEE have seizure onset between 1 week of age and 
1.5 years. Usually, they have two seizures per day. Seizure 
semiology is characterized first by spasms. A peculiar pattern 
consisting of prolonged tonic and clonic events with a 
vibratory contraction, followed by a clonic phase and a cluster 
of spasms ending with myoclonus. EEG can be normal in the 
early stage, but it is followed by multifocal spikes and waves 
that evolve into hypsarrhythmia. Ictal EEG is characterized 
by generalized flattening, followed by repetitive sharp spikes 
and wave discharges. Sequential seizures typically evolve to 
a “hyperkinetic- tonic-spasms” phenotype during infancy 
[26,29,41]. 

Sequential seizures with tonic followed by autonomic 
features: SCN2A-DEE includes sequential seizures with 
predominantly tonic and autonomic features. Seizures usually 
begin in the first week of life. Seizure semiology consists of 
alternating focal clonic and tonic seizures, apnea, and cyanosis. 

Seizures are frequent, up to 100/day. The EEG shows an 
encephalopathic pattern characterized by a discontinuity that 
evolves into multifocal spikes. Improvement can be observed 
with sodium channel blockers (phenytoin) [19,25,42,43].

 ¾ KCNT1- DEE presents with focal tonic seizures and 
autonomic symptoms [18,44-46].

 ¾ BRAT1-DEE is an autosomal recessive disorder characterized 
by hypertonia, arthrogryposis, and spontaneous, nonepileptic, 
and multifocal myoclonus over a relatively organized EEG 
background. Neonates with BRAT1 encephalopathy develop 
intractable multifocal tonic seizures, followed by apneas 
and bradycardia, leading to early death. The accompanying 
symptoms are pivotal in suspecting a diagnosis (microcephaly 
and arthrogryposis) [18,47]. 

 ¾ Neonates with  SCN1A  GoF-DEE present in the very 
first days of life and develop hyperkinetic  movement 
disorders with choreoathetosis later in life [18].

 ¾ KCNQ2-DEE represents a severe phenotype in the 
KCNQ2-related epilepsy spectrum. Neonates present shortly 
after  birth  with persistent seizures, up to 35 seizures per 
hour, and are encephalopathic. Their EEG background is 
abnormal, with multifocal epileptiform discharges and 
random attenuation or a suppression-burst pattern. Seizure 
semiology is characterized by focal sequential seizures with 
alternating laterality, consisting of asymmetric tonic posturing 
accompanied by apnea and desaturation, which evolve into 
unilateral or asynchronous bilateral clonic components [28,35]. 
These patients did not exhibit a cluster of spasms. Although 

Figure 2. Different interictal and ictal patterns in ASS and neonatal epilepsy. A) Discontinuous background and focal electrographic 
seizures with C4 onset (see arrow) in a 40-week patient with HIE. B) Synchronous onset of high-amplitude slow waves followed by 
generalized rhythmic alpha activity associated with an epileptic spasm (arrow) in a patient with STXBP1-DEE. C) Sequential seizure spasm 
followed by brief tonic seizures ending with multifocal clonic jerks. Initially, a brief diamond-shaped myogenic artifact (arrowhead) was 
observed, followed by myoclonic and clonic jerks (see arrows) in a patient with KCNQ2-DEE. D, E, and F show the Burst -Suppression pattern 
during sleep (E, see arrows) and multifocal epileptiform discharges (D, F) and disappearance of the BS pattern in a patient with early onset 
Myoclonic Epileptic Encephalopathy.

https://www.sciencedirect.com/topics/medicine-and-dentistry/corpus-callosum
https://www.sciencedirect.com/topics/medicine-and-dentistry/autosomal-recessive-disorder
https://www.sciencedirect.com/topics/medicine-and-dentistry/muscle-hypertonia
https://www.sciencedirect.com/topics/medicine-and-dentistry/stereotypic-movement-disorder
https://www.sciencedirect.com/topics/medicine-and-dentistry/stereotypic-movement-disorder
https://www.sciencedirect.com/topics/medicine-and-dentistry/choreoathetosis
https://www.sciencedirect.com/topics/medicine-and-dentistry/childbirth
https://www.sciencedirect.com/topics/medicine-and-dentistry/fatty-acid-desaturation
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typically seen in KCNQ2, this electroclinical phenotype can be 
seen in the other two known DEEs: KCNQ3-DEE  and  SCN2A-
DEE [18,25,48]. There are patients with  KCNQ2-GoF (gain of 
function) variants. Interestingly, these neonates do not have 
seizures in the neonatal period but suffer from stimulus-
sensitive nonepileptic myoclonus, severe encephalopathy, 
central hypoventilation, and a suppression-burst pattern on 
EEG [34,35]. 

 ¾ Epilepsy caused by SCN2A GoF  variants may present 
with seizures during early infancy with an excellent response 
to sodium channel blockers (SCBs). In contrast, patients with 
LoF variants tend to have later onset and poor response to 
SCBs [42,43].

DEE presenting with hypotonic seizures plus autonomic 
features: SCN8A- DEE:  In this encephalopathy, seizures 
occur in clusters and are commonly observed during 
sleep. Prolonged focal seizures with prominent inhibitory 
components (hypomotor) associated with apnea, brady/
tachycardia, and cyanosis evolving into unilateral tonic or clonic 
manifestations, and lately, bilateral tonic and clonic seizures 
are seen (Figure 3A). Non-convulsive status epilepticus has 
also been frequently described. Electroencephalograms (EEG) 
can be normal or mildly abnormal at epilepsy onset but evolve 
to a progressive background deterioration with interictal 
epileptiform discharges that predominate in the posterior 
regions of the head. The focal seizures have temporo-occipital 
EEG onset and might have migrated from one hemisphere to 
another. Patients with pathogenic variants in the SCN8A gene 
show seizure responses to sodium channel agents, often at 
high doses [42,43].

DEE presents with predominant myoclonic seizures: This 
group presents with a phenotype termed Early Infantile Onset 
Myoclonic Epileptic Encephalopathy (EIMEE). These patients 
had erratic, multifocal, and fragmentary epileptic myoclonus, 
usually in the context of IEM. Focal seizures, including eye 
deviation, asymmetric tonic posturing, facial flushing, and 
apnea, are also prevalent. Isolates or clusters of tonic spasms 
would be present. The EEG shows a burst-suppression pattern 
during sleep, disappearing during wakefulness (Figure 
2D) [22,29,49]. One study reported a burst-suppression 
pattern only during sleep in 33% of cases. Another peculiar 
characteristic of this syndrome is that the Burst Suppression 
pattern may not be evident at epilepsy onset. Myoclonic 
movements are not associated with electrographic changes. 
The suppression burst pattern can evolve into an atypical 
hypsarrhythmia pattern [15,22].

EIMEE is an umbrella term for many channelopathies and IEM, 
such as D-glyceric acidemia, propionic aciduria, molybdenum 
cofactor deficiency, pyridoxine deficiency, methylmalonic 
acidemia, sulfite oxidase deficiency, Menkes disease, and 
Zellweger syndrome. Within this group of channelopathies, 
we found the following [50-56].

1. UBA5-DEE [55,56]. 

2. PIGA-DEE [55,56].

3. SIK1-DEE [57].

4. SLC25A22-DEE [29,46].

Figure 3. Different tonic seizures in neonates. A and B patients with Otahara syndrome. See the BS pattern and generalized suppression 
with superimposed fast activity during ictal tonic spasms. Patient C with SCNA8-DEE showed a sequential seizure, tachycardia (heart 
frequency increased from 167 to 221 LPM, followed by a tonic seizure).

https://www.sciencedirect.com/topics/medicine-and-dentistry/sodium-channel-blocker
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UBA5- DEE: UBA5- DEE  is an autosomal recessive disorder 
characterized by early onset encephalopathy, movement 
abnormalities, global developmental delay, intellectual 
disability, and seizures. Seizure semiology is dominated by 
myoclonic jerk, although epileptic spasms can be seen [58].

PIGA-DEE: Phosphatidylinositol glycan biosynthesis class A 
protein germline mutations result in this severe form of early 
onset epileptic encephalopathy. Most of the seizures in this 
patient are characterized by myoclonus. The EEG reveals a 
suppression-burst pattern. Brain MRI showed a thin corpus 
callosum, delayed myelination, hypoplastic cerebellum, 
cortical atrophy, and restricted water diffusion in the 
brainstem, basal ganglia, and cerebellum. Most of the patients 
are hypotonic and have facial dysmorphism. Some patients 
have heart, liver, and kidney anomalies, as well as deafness 
and visual impairment. Serum alkaline phosphatase levels are 
elevated in most patients [27,59,60]. 

SIK1-DEE: The neonatal onset of early myoclonic seizures and 
tonic spasms characterizes SIK1-DEE. Patients with neonatal-
onset SIK1-DEE have shorter survival. The EEG shows a burst 
suppression pattern. Although a specific treatment is not 
available, recognizing this epileptic encephalopathy would 
help decide the transition to conform to care [57].

SLC25A22- DEE: SLC25A22- DEE is characterized by a very 
early onset of epilepsy, usually occurring in the first two days 
of life. It is caused by a homozygous truncating mutation 
in the gene encoding the glutamic acid carrier. Epilepsy is 
severe. Myoclonic jerks characterize seizures, and the EEGs 
show a burst-suppression pattern. Patients usually have 
microcephaly, and the response to anti-seizure medication is 
never obtained, but phenobarbital can decrease the seizure 
burden. The visual-evoked potential is abnormal in these 
patients [29,46,61,62].

Pyridoxine-dependent epilepsy (PDE)-DEE: (PDE)-DEE 
is a rare, treatable form of metabolic epilepsy. Pathogenic 
variants in the ALDH7A1 gene affect cerebral lysine catabolism. 
Neonates have a very recognizable phenotype characterized 
by frequent focal and multifocal clonic and myoclonic seizures, 
which are refractory to common ASMs; as additional signs, 
infants usually present with marked irritability, fluctuating 
tone, and emesis. The specific EEG pattern may vary from 
normal to focal abnormalities to suppression-burst or 
hypsarrhythmia [22,55].

SLC13A5-DEE: SLC13A5-DEE appears during the first 
few days of life. SCL13A5 protein is a sodium-dependent 
citrate co-transporter. Neonatal epilepsy in this syndrome is 
characterized by intractable focal seizures that evolve into 
focal status epilepticus. These neonates predominantly have 
myoclonic and clonic seizures. The neurological examination 
reveals diffuse  hypotonia. The EEG background is normal 
in most of these neonates; however, they may rarely show a 
suppression-burst pattern [63,64].

SPTAN-DEE: SPTAN-DEE appears during the neonatal 
period or infancy. The seizures consist of spasms in the first 
three weeks of life or rarely later. Usually, patients suffer 
from myoclonic or asymmetric tonic seizures. These seizures 
are refractory to antiepileptic and hormonal therapies. The 
EEGs show multifocal spikes, hypsarrhythmia, or modified 
hypsarrhythmia. The burst suppression pattern is not observed. 
Magnetic resonance imaging (MRI) shows pontocerebellar 
atrophy [62,65].

3-phosphoglycerate dehydrogenase deficiency-DEE: The 
clinical manifestations of 3-phosphoglycerate dehydrogenase 
deficiency is characterized by congenital microcephaly, 
profound mental retardation, hypertonia, intractable 
seizures, and occasional West Syndrome. 3-Phosphoglycerate 
dehydrogenase deficiency is diagnosed by amino acid 
analysis of the plasma and cerebrospinal fluid. A diagnosis 
is made by analyzing  CSF  amino acid levels, with the 
characteristic abnormalities best appreciated in the fasting 
state. The typical pattern reveals low serine, glycine, and 
5-methyltetrahydrofolate levels in the cerebrospinal fluid. 
Another essential feature of this encephalopathy is that 
plasma serine and glycine levels are normal. Treatment with 
L-serine leads to a reduction in seizure burden [62,65]. 

Patients present with tonic spasms: Otahara syndrome: 
The primary seizure type in OS are epileptic spasms, observed 
in neonates with cortical dysgenesis. Usually, it has a later 
onset compared to EIMEE, but it can also start in the neonatal 
period. 

Infants acutely develop tonic spasms that can be diffuse or 
lateralized, occur singly or in clusters, and are independent 
of sleep cycle. Spasms typically last up to 5 s and can occur 
hundreds of times daily [62,65]. Approximately one-third of 
patients with OS also develop other seizure types such as 
focal motor seizures, hemiconvulsions, or generalized tonic-
clonic seizures [22,49]. The EEGs in OS indicate a suppression 
burst pattern comprising bursts of high-amplitude spikes and 
polyspike that alternates regularly with periods of electric 
suppression (Figure 3A and 3B). These bursts coincided 
with tonic spasms (Figures 3B and 3C). Typically, the burst 
suppression pattern remains unchanged during both 
wakefulness and sleep [22,49].

Treatment

Neonatal seizure treatment follows a standard protocol 
in most institutions. This protocol is not magic but usually 
includes Phenobarbital IV with a loading dose (LD) of 20 
mg/kg and maintenance dose (MD) of 2.5-3 mg/kg/day, 
Fosphenytoin/phenytoin IV LD of 20 mg/kg and MD of 2.5-
3 mg/kg, Midazolam IV bolus 0.05 mg/kg twice a day or IV 
0.05 mg/kg and if it is effective, then start infusion of 0.05 
mg/kg/hour up to 0.5 mg/kg/hour [3,66,67]. Levetiracetam 
IV can be used at an LD of 40-60 mg/kg and MD of 30 mg/
kg BID or Lidocaine IV LD of 2 mg/kg and 7 mg/kg/day every 

https://www.sciencedirect.com/topics/medicine-and-dentistry/hypotonia
https://www.sciencedirect.com/topics/medicine-and-dentistry/cerebrospinal-fluid
https://www.sciencedirect.com/topics/medicine-and-dentistry/therapeutic-procedure
https://www.sciencedirect.com/topics/medicine-and-dentistry/epileptic-spasms
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four h, which is reduced then to 3.5 mg/kg/hour during the 
following 12 h and then decreased to 0.75 mg/kg/hour per 
other 12 hours and stopped [68,69]. A recent randomized 
controlled trial documented that phenobarbital is superior to 
levetiracetam in the treatment of neonatal seizures [70]. Table 
1 shows the personalized treatment of neonatal epilepsy 
based on the semiology and EEG results.

Conclusion

Strict electroclinical semiology is the backbone of neonatal 
seizure diagnosis. Acute symptomatic seizures should be 
distinguished from epileptic seizures. EEG and ictal semiology 
can help in diagnosis and provide a guide for genetic 
counseling and treatment. Neonatal seizure classification 

Table 1. Tailoring treatment to specific neonatal seizures. Semiology and EEG approach.

DEE Semiology EEG Treatment Dose

KCNQ2
Sequential seizures with 
tonic followed by autonomic 
features

Normal background, 
multifocal, Prolong postictal 
attenuation, rarely BS

Carbamazepine (CBZ), 
[25,71]  Oxcarbazepine or 
phenytoin (PHT)

CBZ 10-20 mg/kg/day

PHT 5 to 7 mg/kg/day

SCN2A LoF
Sequential seizures with 
tonic followed by autonomic 
features.

Normal background, Prolonged 
postictal attenuation Phenytoin [72] PHT 5 to 7 mg/kg/day

SCN1A GoF
Sequential seizures with 
tonic followed by autonomic 
features

Prolonged postictal 
attenuation

Good response to 
channel blockers [73] CBZ, 
Lamotrigine (LMG)

CBZ 10-20 mg/kg/day

LMG 1-5 mg/kg/day

KCNT1
Sequential seizures with 
tonic followed by autonomic 
features.

Multifocal spikes, prolonged 
postictal attenuation Quinidine [74] Quinidine 30-90 mg/

kg/d

SCN8A Hypotonic seizures plus 
autonomic features

Ictal onset posterior quadrant, 
no BS pattern, ictal pattern 
migrates from one hemisphere 
to the other. Prolonged 
postictal attenuation

Good response to high 
doses of channel blockers 
[75]

PHT [76]

PHT to keep level 
above 15 mg/L

STXBP1
Sequential seizures and/or 
asymmetric tonic seizures 
and spasms

Prolonged postictal 
attenuation Levetiracetam [77,78] LVT 30-60 mg/kg/d

CDKL5 Sequential seizures typically 
hyperkinetic-tonic-spasms

Prolonged postictal 
attenuation Ganaxolone [79] 54 mg/kg/day

BRAT1
Sequential seizures with 
tonic followed by autonomic 
features

Prolonged postictal 
attenuation Transition of comfort care -

SIK1 Myoclonus BS Transition of comfort care

SLC25A22 Myoclonus 
BS, might not be present at 
the beginning and o during 
wakefulness

No response 
Phenobarbital but 
decrease seizure burden 
[61,80] 

Phenobarbital 3-5 mg/
kg/day

PDE Myoclonus 
BS, might not be present at 
the beginning and o during 
wakefulness

Pyridoxine [81]
30 mg/kg/day with a 
maximum dose of 300 
mg/day

Otahara Tonic spasms BS Evaluate epilepsy surgery -

DEE (Developmental Epileptic Encephalopathy), BS (Burst Suppression Pattern).
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should be expanded to include the EEG patterns. With 
whole-exome sequence analysis, more genetic diseases 
causing epileptic encephalopathy are reported every day. 
Lumping them into a better classification system will prevent 
unnecessary and hazardous medication use.
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